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DYNAMIC RANDOM ACCESS MEMORY CELL LEAKAGE CURRENT 

DETECTOR 

CROSS-REFERENCE TO RELATED APPLICATIONS 

5 [0001] This application is related to commonly-assigned, co-pending U.S. 

Patent Applications: 

Serial No. , entitled "A Refresh Counter with Dynamic Tracking of 

Process, Voltage and Temperature Variation for Semiconductor Memory" filed on 

(Attorney reference N1085-00179); and 

10 Serial No. 10/696,291, entitled "Circuit and Method for Self-Refresh of 

DRAM Cell", filed on October 29, 2003, (Attorney reference: N1085-0212), the 
contents of each being incorporated by reference herein. 

FIELD OF THE INVENTION 
15 [0002] The present invention is related to Dynamic Memory and more 

specifically to measuring the leakage current in Random Access Memory (RAM) 
cells. 

BACKGROUND OF THE INVENTION 

[0003] Leakage current is a serious problem for deep-submicron CMOS 

devices. The leakage current of a CMOS device typically can be measured with 
regard to sub-threshold voltage leakage, junction leakage, gate leakage and gate 
induced drain leakage currents. Reducing leakage current to lower system power 
dissipation is presently a challenge in process technology development and circuit 
innovation. 

[0004] It is typically difficult to accurately detect or measure very small 

currents. One method for measuring small leakage currents is to duplicate a large 
number of devices that each exhibit a very small current leakage so that the 
accumulation of each of the small leakage currents may amount to a detectable 
and measurable quantity that is representative of the leakage current of an 
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individual device (i.e., by dividing the total detected current by the number of 
contributing devices). This approach is used in detecting leakage current in 
DRAM memories as described below. 

[0005] A dynamic random access memory (DRAM) memory cell is said 

5 to be in an inactive state if its corresponding access transistor is turned "off 5 by 
applying voltage VSS or a voltage level VBB lower than VSS on the gate of an n- 
channel MOS access transistor, or by applying VDD or a voltage level VPP 
higher than VDD on the gate of a p-channel MOS access transistor. The charge 
stored in a cell capacitor represents a single bit of information. Unfortunately, the 

10 charge stored in the cell capacitor is not held very well when the access transistor 
is turned off, and it will be gradually lost by leakage current from the access 
transistor and the capacitor. Therefore, the cells must be refreshed periodically. 
[0006] As noted, inactive cells exhibit leakage current from the access 

transistors and dielectric leakage current from the storage capacitors. The leakage 

15 current also depends, however, on the information stored in the memory bit cell, 
i.e., in the storage capacitor; that is, the leakage is different for memory cells 
holding binary "1" and binary "0". Normally, the leakage current of a single bit is 
too small for accurate detection. To measure the leakage current of a DRAM cell 
a large number of memory bit cells, e.g.., several thousand cells, are arranged in a 

20 structure and biased, as shown in FIGs. la and lb with regard to n-channel and p- 
channel transistors, respectively. With regard to the monitoring array 100 of FIG. 
la, each dummy memory cell includes an n-channel transistor 110 and a 
corresponding storage capacitor 135 (labeled Cs). The transistor 110 can be 
applied a proper bias voltage on its gate to turn "on" or turn "off the connection 

25 between the capacitor and the bit line. N-channel transistors 110 are electrically 
connected in parallel at corresponding source nodes 112 by a common bit line 
120, which may be set to a voltage referred to as V B l- The gate node 1 14 of each 
transistor 110 is connected to a common word line 125, which may be set to a 
voltage referred to as V S sb sufficient to turn transistors 110 off. Each drain node 

30 1 16 of each transistor 1 10 is further connected to a substantially similar capacitor 
135, each of which is connected to a common voltage plate 140. Common 

PH1\1 186853.3 o 



EXPRESS MAIL LABEL NO. EV 398574741 US ATTORNEY DOCKET NO.: 2003.0512/1085.21 1 

voltage plate 140 has a voltage, referred to as Vcp, applied thereto. The drain 
node 116 of each transistor 110 is further electrically connected to a common 
extraction node 130 that allows for the measurement of an accumulated leakage 
from all coupled transistors 110 and capacitors 135. 
5 [0007] As noted above, FIG. IB illustrates a prior art monitoring circuit 

101 comprising cells including p-channel transistors 111 and storage capacitors 
Cs 135. The biasing conditions for extracting leakage current are also illustrated 
therein, with source nodes 112 coupled to common bit line to received bit line 
voltage V B l> drain nodes 116 coupled to leakage current extraction node 130 and 

10 capacitors 135, and gate nodes 114 coupled to common word line 125 to receive 
common word line voltage V PP , which turns transistors 1 1 1 "off 5 . Capacitors 135 
are coupled between sources 116 and common plate node 140. 
[0008] The addition to a DRAM memory of a current detector as shown in 

FIGS, la or lb, which requires thousands of dummy sample memory cells, 

15 requires a considerable amount of area or space, particularly as the number of bits 
cells to monitor increases. In addition, it is difficult to utilize the illustrated 
structure in a practical implementation because leakage current extraction node 
130 must be biased at a stable voltage level. In one case, the extraction node 130 
must be 0V or close to 0V for extracting leakage current when simulating a 

20 memory cell holding the charge of 0V, or so called '0'-state. In the opposite case, 
the extraction node 130 must be VDD or close to VDD for extracting leakage 
current when simulating memory cells storing data T. If any disturbance in the 
voltage or any voltage swing occurs at extraction node 130, these constraints may 
not be satisfied and the circuit may not operate properly. 

25 [0009] Therefore, there is a need for a current monitoring method and 

circuit that can measure a leakage current that does not use significant area. 
Further, there is a need for a current monitoring method and circuit that are not 
affected by the extraction voltage level. 
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SUMMARY OF THE INVENTION 

[00101 A circuit operable to measure leakage current in a Dynamic 

Random Access Memory (DRAM) is provided comprising a plurality of DRAM 
bit cell access transistors coupled to a common bit line, a common word line, and 
5 a common storage node, wherein said access transistors may be biased to simulate 
a corresponding plurality of inactive bit cells of a DRAM; and a current mirror in 
communication with the common storage node operable to mirror a total leakage 
current from said plurality of bit cell access transistors when the access transistors 
are biased to simulate the inactive bit cells. 
10 [0011] The above and other features of the present invention will be better 

understood from the following detailed description of the preferred embodiments 
of the invention that is provided in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 [0001] The accompanying drawings illustrate preferred embodiments of the 
invention, as well as other information pertinent to the disclosure, in which: 

FIGs. la and lb illustrate conventional current leakage detector circuitry 
for NMOS and PMOS type DRAMs, respectively; 

FIGs. 2a and 2b illustrate an exemplary embodiment of current leakage 
20 detector circuitry in accordance with the principles of the present invention for 
NMOS and PMOS logic, respectively; 

FIGs. 3a and 3b illustrate a second exemplary embodiment of current 
leakage detector circuitry for NMOS and PMOS logic, respectively; and 

FIG. 4 illustrates an exemplary embodiment of a memory cell leakage 
25 monitor in accordance with the principles of the present invention for 
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simultaneously monitoring leakage current in both programmed and 
unprogrammed cells. 

[0012] It is to be understood that these drawings are solely for purposes of 

illustrating the concepts of the invention and are not intended as a definition of the 
5 limits of the invention. The embodiments shown herein and described in the 
accompanying detailed description are to be used as illustrative embodiments and 
should not be construed as the only manner of practicing the invention. Also, the 
same reference numerals, possibly supplemented with additional reference 
characters where appropriate, have been used to identify similar elements. 

10 

DETAILED DESCRIPTION 

[0013] FIG. 2a illustrates one embodiment 200 for measuring memory 

leakage current when a binary zero (0) is stored in a memory cell of a p-channel 
DRAM. The monitoring circuit comprises a DRAM memory array 210 having N- 

15 bit cells of a p-channel DRAM. It should be understood that N Bit Cells 210 
comprise N number of access transistors Ts with corresponding N number of 
capacitors Cs. In this illustrated embodiment, a current detector or mirror circuit 
220 for collecting and amplifying leakage current from sample DRAM 210 is 
coupled to DRAM 210 and comprises a first n-type or n-channel MOS (metal 

20 oxide semiconductor) transistor 222 (labeled M0) having its source node 
electrically connected to a common point, i.e., storage or source node 223, across 
each capacitor Cs (labeled 135) associated with the N-bit cells. Source node 223 
is further connected to gate node 224 of first transistor 222 and second n-type 
MOS transistor 232 (labeled Ml). Drain node 225 of first current mirror 

25 transistor 222 and drain node 235 of second current mirror transistor 232 are 
connected to a common ground point. 

[0014] In this embodiment 200 comprising DRAM 210 including PMOS 

transistors Ts, the gate terminal of each transistor Ts is coupled to a boosted 
power supply voltage, V PP , which is higher than VDD. This boosted power 
30 supply voltage source is used to establish the transistors Ts in a turned-off state to 
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simulate inactive bit cells. The source terminal of each transistor T s is coupled to 
a bit line having voltage V B l- Capacitors C s coupled to the drain terminals of the 
transistors in array 210 may also be coupled to a cell plate voltage V C p. 
[0015] As noted, all nodes of the DRAM cells 210 are coupled to a 

5 respective proper bias voltage to set the memory bit cell in an inactive state, 
except for the storage node. In this embodiment, the storage node or extraction 
node 223 will self bias at a voltage close to 0V as the extraction current from N- 
bit cell DRAM 210 must be current-sunk through NMOS 222. Therefore, the 
extraction current will establish a voltage bias a little higher than zero volts (0V) 

10 at the gate terminal 224 of NMOS 222, i.e., at storage node 223. Because the 
storage node 223 is tuned at a voltage level less than Vt of transistor M0, it 
approximates the state of storing binary zero in the N Bit cells. As the storage 
node 223 is stably biased around 0V, the current flow through NMOS 222 can be 
identified as the total leakage current from the "0" state N bit cells 210, i.e., the 

15 total leakage current from the transistors Ts and the capacitors Cs. If the leakage 
from the capacitors Cs is negligible, the capacitors could be removed without any 
functional impact. 

[0016] The second NMOS 232 in the current mirror structure 220 can 

duplicate the current passing or sinking through NMOS 222 as their gate nodes 
20 are coupled and the transistors 222, 232 have substantially the same cross voltage 
Vgs between their respective gate and source nodes, i.e., ground. Therefore, the 
current I ex to through NMOS 232 is substantially the same as that provided through 
NMOS 222 or a multiple thereof described below. 

[0017] Current mirror circuit 220 may generate a weighting factor of the 

25 "0" state leakage current by using a ratio of a characteristic of first NMOS 
transistor 222 to a corresponding characteristic of second NMOS transistor 232, 
e.g., a physical characteristic. For example, if the characteristic is a physical 
dimension such as channel length, the first leakage current that flows through 
second NMOS 232 may be around twice the leakage current flowing through first 
30 NMOS transistor 222 if the channel length of second NMOS transistor 232 is 
around twice the channel length of first NMOS transistor 222. Accordingly, the 
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sizes of first and second NMOS transistors 222 and 232, respectively, may be 
used to create a current weighting factor for the "0" state leakage current. 
Therefore, the current Iexto may be a multiple of the total leakage current through 
the cells. 

5 [0018] While there is no requirement as to how many cells need to be in 

"0" state cell array 210, it is advantageous that the magnitude of the leakage 
currents from "0" state cell array 210 be sufficiently large to be sensed by current 
mirror circuit 220. An exemplary sample size N for embodiment 200 is less than 
the several thousand sample cells of the prior art (FIGS, la and lb), and is 

10 preferably in the range of several hundred sample cells or even less. Cell array 
210 should also be fabricated in close proximity to the physical DRAM memory 
array it monitors (or, more specifically, simulates) so that it is subject to the same 
environmental conditions, such as temperature and voltage biases. 
[0019] FIG. 2b illustrates a leakage current monitoring structure 201 

15 comprising N bit cells 210, which comprises NMOS transistors Ts and 
corresponding capacitors C s , and mirroring circuitry 220. Like references to FIG. 
2a indicate like features in FIG. 2b. In this embodiment, voltages applied to the 
gate terminal of each transistor T s in "0" state cells 210' may be replaced by back 
bias voltage, V S sb> which is sufficiently low to turn transistors T s "off. Although 

20 not discussed in detail, one skilled in the art would recognize that the operation of 
the current mirror in measuring extraction current in FIG. 2b is similar to that 
discussed with regard to FIG. 2 a herein. 

[0020] FIG. 3a is a schematic configuration of an exemplary embodiment 

300 of a current monitor including a N-bit DRAM 310, which comprises p- 

25 channel MOS transistors (PMOS) T s and corresponding capacitors Cs, and current 
mirror 320. In this embodiment, the monitoring circuit 300 monitors leakage 
current for simulated cells in the "1" state. The storage node of each capacitor C s 
in array 310 is coupled to second current mirror circuit 320. The source terminal 
of each transistor Ts is coupled to storage node 323. The drain terminal of each 

30 transistor Ts is coupled to a bit line voltage, Vbl and the capacitor Cs of each cell 
may be coupled to a cell plate voltage V C p. The voltages applied to cells 310 turn 
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transistors Ts off, generating a total leakage current of the "1" state cell array 310 
into second current mirror circuit 320. The storage node 323 is self-tuned at a 
voltage level simulating approximately the state of storing binary "1". 
[0021] In the embodiment 300, second current mirror circuit 320 

5 comprises two PMOS transistors 322 and 332. First PMOS transistor 322 is 
coupled to storage node 323 of C s . The gate terminal of second PMOS transistor 
332 is coupled to the gate terminal of first PMOS transistor 322, which is further 
coupled to storage node 323. The leakage current generated from the "1" state 
cells in array 310 flows through first PMOS transistor 322, which couples the 

10 leakage current to the second PMOS transistor 332 creating a current flow that 
may be monitored. Better approximation of the 4 V state cells may be achieved by 
tuning VDDS to a higher voltage than VDD. If the leakage from the capacitors 
Cs is negligible, the capacitors could be removed without any functional impact. 
[0022] In some embodiments, second current mirror circuit 320 may 

15 generate a weighting factor by using a ratio of a characteristic of first PMOS 
transistor 322 to a corresponding characteristic of second PMOS transistor 332 as 
previously discussed. An example of such multiplication may occur for example, 
wherein second leakage current flowing through second PMOS transistor 332 
may be around twice the leakage current flowing through first PMOS transistor 

20 322 if the channel length of second PMOS transistor 332 is twice the channel 
length of first PMOS transistor 322. As would be appreciated, in this instance the 
term "multiple" in addition to its commonly used term may also be used to 
indicate a one-to-one multiple, i.e., multiplicative factor equal to 1. 
[0023] FIG. 3b illustrates an embodiment 301 using similar current mirror 

25 configuration 320 associated with N-bit cells 310' of p-channel MOS (PMOS) 
transistors T s . One skilled in the art would recognize that the operation of the 
current mirror in measuring extraction current in FIG. 3b is similar to that 
discussed with regard to FIG. 3 a herein. Better approximation of the T state 
cells may be achieved by tuning VDDP to a higher voltage than VDD. 

30 [0024] FIG. 4 illustrates an embodiment 400 for measuring together 

leakage current for both "0" and "1" state N-bit cell DRAMS 210 and 310', 
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respectively. In this embodiment, first current monitor (mirror circuit) 220 
measures leakage current associated with dummy "0" state N-bit cell DRAM 
array 210 as described above with regard to FIG. 2a and second current monitor 
(mirror circuit) 320 measures leakage current associated with dummy "1" state N- 
5 bit cell DRAM array 310' as described above with regard to FIG. 3b. The 
respective leakage currents are applied to a third mirror circuit 410 that measures 
the leakage current as previously described. In this case, M4, i.e., Ml 332 
referred to in FIG. 3b, is a current supplier and supplies current I ex ti> whereas Ml, 
i.e., Ml 232 referred to in FIG. 2a, is a current sinker and will sink current Iexto, 
10 thereby providing total leakage current I ext o,i at M2 of third current mirror 410. 

[0025] Although not shown, N-bit cells 210' and N-bit cells 310 may be 

substituted for N bit cells 210 and N bit cells 310', respectively, in a DRAM 
configuration comprising p-channel devices. 

[0026] The leakage current monitoring circuitry described herein provide 

15 leakage current detection for DRAM cells while minimizing space usage and 
voltage dependency. Because the leakage current in DRAM cells strongly 
depends on the applied bias voltage, process deviation and operating temperature, 
the detected leakage current can be used as a window into the environmental 
conditions of the DRAM array. For instance, the charge of memory cells in 

20 DRAM arrays must be refreshed periodically. But, the refresh period is fully 
determined by the capacitance of the cell capacitor and leakage current. The 
extracted leakage current can be used to dynamically and in real-time determine 
the refresh period dependent upon a variety of operating environment conditions 
discerned from the detected leakage current, such as temperature or applied 

25 voltage. Further, in usage, the leakage current monitor output can be treated as an 
ideal current source, since the current output node can accept a large voltage 
swing and it does not generate disturbance when it is working with other circuits. 
[0027] Although the invention has been described in terms of exemplary 

embodiments, it is not limited thereto. Rather, the appended claims should be 

30 construed broadly to include other variants and embodiments of the invention that 
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may be made by those skilled in the art without departing from the scope and 
range of equivalents of the invention. 
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